Introduction {#j_tnsci-2017-0028_s_001}
============

Tumors of the pineal area are uncommon and they consist of 0.5-1% of all intracranial tumors \[[@j_tnsci-2017-0028_ref_001], [@j_tnsci-2017-0028_ref_002]\]. These lesions are challenging to access due to the deep surgical field and the surrounding associated critical neurovascular structures. The most prevalent pineal tumors are pineocytomas, pineoblastomas and primitive neuroectodermal tumors (PNET) \[[@j_tnsci-2017-0028_ref_003], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_006], [@j_tnsci-2017-0028_ref_007], [@j_tnsci-2017-0028_ref_008]\]. In addition, glioblastomas \[[@j_tnsci-2017-0028_ref_009], [@j_tnsci-2017-0028_ref_010]\], metastatic tumors \[[@j_tnsci-2017-0028_ref_011], [@j_tnsci-2017-0028_ref_012]\], vascular malformations \[[@j_tnsci-2017-0028_ref_013]\], papillary tumors \[[@j_tnsci-2017-0028_ref_014]\], meningiomas \[[@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_016]\] and neurocytomas \[[@j_tnsci-2017-0028_ref_017], [@j_tnsci-2017-0028_ref_018]\] can also occur.

Advanced microsurgical techniques combined with improved pre-operative management and post-operative critical care methods have made aggressive surgical resection of the tumor a mainstay of management. Although different surgical approaches are used, the subtentorial-supracerebellar approach is the most common \[[@j_tnsci-2017-0028_ref_019], [@j_tnsci-2017-0028_ref_020], [@j_tnsci-2017-0028_ref_021], [@j_tnsci-2017-0028_ref_022], [@j_tnsci-2017-0028_ref_023]\].

In this paper we report our experience in the surgical treatment of pineal area tumors.

Material and Methods {#j_tnsci-2017-0028_s_002}
====================

For the past 15 years, we have surgically treated 22 patients with pineal area tumors. All the patients were surgically treated by the senior author (ZK). The patients were between 21-62 years old, with the median age at 44 years old. Magnetic resonance (MR) and computed tomography (CT) examinations revealed tumor of the pineal area in all of the patients ([Figure 1](#j_tnsci-2017-0028_fig_001){ref-type="fig"}). All of them reported suffering from headaches, while two of them presented diplopia and another one with Parinaud's syndrome. Two of the patients were tetraparetic, one of them for 2 weeks, while the other for 2 years. The former patient developed sudden tetraparesis two weeks earlier and the MR study revealed cavernous angioma with intra-lesional hemorrhage. The second patient has a history of tetraparesis for 2 years in addition to being diagnosed of a large tumor in the third ventricle which was not surgically treated previously. The tumor was 6 cm long and filled the third ventricle with expansion to both lateral ventricles ([Figure 2](#j_tnsci-2017-0028_fig_002){ref-type="fig"}). All the other tumors were between 1.5-3 cm in diameter.

![MR T1 axial image: tumor of the pineal area, PNET in histopathological examination.](tnsci-08-207-g001){#j_tnsci-2017-0028_fig_001}

![CT study axial view: large pineal area tumor involving the third ventricle with expansion to both lateral ventricles - benign pineocytoma.](tnsci-08-207-g002){#j_tnsci-2017-0028_fig_002}

All patients were operated in the sitting position and the subtentorial-supracellebellear approach was used for all of them. A keyhole medial suboccipital craniectomy measured at 2.5 x 2.5 cm was made, the dural flap was excised and then the tumor was resected. The sitting position gives a better view to the posterior part of the third ventricle as the cerebellum is located downwards in this position which gives a larger view to the area of interest. The use of operating microscope and microsurgical technique has enabled the removal of the tumor without damaging the internal cerebral veins and the basal veins of Rosenthal. For all the patients except one, a bipolar coagulation and suction was enough to remove the tumor. As for the remaining patient with cavernous angioma, a laser was used for the removal of the lesion.

Results {#j_tnsci-2017-0028_s_003}
=======

All the patients have survived the surgery with no complications. The two patients who presented tetraparesis before surgery did not improve neurologically. All the other patients did not have any neurological deficits. For three of the patients who presented diplopia or Parinaud's syndrome before surgery, the deficit was cured after the removal of the tumor. Histopathological examinations revealed pineocytoma in seven of the patients, pineoblastoma in three, PNET in six, glioblastoma multiforme (grade IV) in two, metastatic tumor from pulmonary cancer in two, cavernous angioma in one, and central neurinoma in one of them. For the tetraparetic patient with a large pineocytoma in the third and lateral ventricles, the tumor was macroscopically removed totally. For patients with malignant tumors, adjuvant therapy in the forms of chemotherapy and radiotherapy was followed after the surgical resection.

The follow-up studies have revealed all nine but one of the patients with benign lesion were alive 2 to 11 years after surgery with no symptoms of tumor recurrence. The one patient who had large pineocytoma and persistent tetraparesis died a year after surgery from non-cerebral reasons. The patient with cavernous angioma and tetraparesis did not improve neurologically and was still alive 5 years after surgery with no change in the neurological status. For the six patients with PNET, two died within the first 6 months after surgery, another two of them died 2 years after surgery, and the remaining two are still alive at the time of writing this article, being 7 and 22 months after surgery, respectively. For the two patients with grade IV glioblastoma, they died 8 and 11 months after surgery due to tumor recurrence. For the two patients with metastatic tumors, they died within 2 years after surgery from extracranial complications of pulmonary carcinoma. Lastly, two of the three patients with pineoblastoma are still alive at the time of writing this article, being 11 and 23 months after surgery, respectively. The remaining deceased patient died 2 years after the removal of pathological mass due to tumor recurrence with involvement of the cerebral trunk.

Discussion {#j_tnsci-2017-0028_s_004}
==========

Pineal tumors are uncommon and mainly occur in children and adolescents. In adults, these tumors are rare. Most pineal tumors originate from the pineal gland -- pineocytoma and pineoblastoma \[[@j_tnsci-2017-0028_ref_001], [@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_003], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_006], [@j_tnsci-2017-0028_ref_007], [@j_tnsci-2017-0028_ref_024]\], some other tumors in this area are PNET, glial tumors, metastatic lesions, meningiomas, papillary tumors \[[@j_tnsci-2017-0028_ref_001], [@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_003], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_006], [@j_tnsci-2017-0028_ref_007], [@j_tnsci-2017-0028_ref_008]\]. Other lesions such as central neurinoma \[[@j_tnsci-2017-0028_ref_017], [@j_tnsci-2017-0028_ref_018]\] and cavernous angioma \[[@j_tnsci-2017-0028_ref_013]\] are extremely rare.

In our study, pineocytomas, pineoblastomas and PNET are the most prevalent. In addition, there were also two patients with high grade gliomas, two with pulmonary carcinoma metastasis, one with central neurinoma, and lastly another one with cavernous angioma.

Surgical treatment of these tumors is the best method. The extensive variety of possible histological subtypes makes it imperative to establish a tissue diagnosis in patients with pineal region tumor. Management decisions regarding adjuvant therapy, prognosis, and follow-up strategies vary based on the histological diagnosis \[[@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_024]\]. The patients were healthy after total removal of the benign tumors in our study. For malignant lesions, surgery makes it possible to obtain histopathological diagnosis which is crucial for further oncological treatment \[[@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005]\]. For pineoblastoma, PNET or glioblastoma, the median time of survival is short - not exceeding 6 months. In some cases, the patients were alive even 5-7 years after surgical treatment followed by oncological therapy \[[@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005], [@j_tnsci-2017-0028_ref_025]\]. Some authors have stated that radiotherapy following biopsy of the tumor can give very satisfactory results \[[@j_tnsci-2017-0028_ref_001], [@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_004], [@j_tnsci-2017-0028_ref_005]\], while the surgical removal of the tumor gives a longer survival time. However, it must be pointed out that radiotherapy does not give results which are comparable to the total resection of the tumor for benign lesions.

Several surgical approaches have been used \[[@j_tnsci-2017-0028_ref_019], [@j_tnsci-2017-0028_ref_020], [@j_tnsci-2017-0028_ref_021], [@j_tnsci-2017-0028_ref_022], [@j_tnsci-2017-0028_ref_023], [@j_tnsci-2017-0028_ref_024]\]. Recently, some reports have shown very good results of treatment with minimally invasive surgical procedures such as key hole craniotomy \[[@j_tnsci-2017-0028_ref_019], [@j_tnsci-2017-0028_ref_020]\] and endoscopic approach \[[@j_tnsci-2017-0028_ref_025]\]. We prefer the minimally invasive approach -- a small median suboccipital craniotomy together with the patient in a sitting position \[[@j_tnsci-2017-0028_ref_026]\]. It allows a direct supracerebellar approach to the pineal area, and the deep cerebral veins can be seen and avoided easily. Despite the minimal skull opening, the operation field was big enough to remove the lesion and the resection was not limited by the exposure. With careful surgical manoeuvers, the eventual air embolism can be avoided easily, as well as those systemic pressure complications which could occur due to the sitting position \[[@j_tnsci-2017-0028_ref_002], [@j_tnsci-2017-0028_ref_006]\]. No air embolism or blood pressure disturbances were observed in our patients. The amount of blood loss was minimal. We believe such approach allows the pineal area to be seen, as well as the whole third ventricle to be assessed fully if the removal of the pathological mass is complete.

The clinical symptoms of pineal area tumors are minor. The patients mainly present symptoms of obstructive hydrocephalus. For larger tumors, the symptoms of quadrigeminal plate involvement appear. Tetraparesis could occur in very large lesions. In our study, we have observed two very rare lesions in this area -- central neurinoma and cavernous angioma.

We have observed no surgical complications - systemic or neurological. No patient was worsened after surgery. The follow-ups depend on the histopathological appearance of the lesions. For benign lesions, the patients were healthy after total removal.

Conclusion {#j_tnsci-2017-0028_s_005}
==========

Surgical treatment of pineal area tumors is the method of choice in the treatment of these lesions. With a minimally invasive subtentorial-supracerebellar approach, we did not observe any surgical complications in all of the 22 patients. The sitting position does not produce any systemic complications and its advantages allow this surgical approach to be a method of choice for surgery of the pineal gland area.
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